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FOREWORD 

This document i s  the  f i f t h  i s sue  of t h e  Quarterly Progress 
Report and i s  submitted i n  accordance with Ar t i c l e  l ( a ) ( l )  (v)(E)  
and 2(b)(5) of JPL Contract 951709. 
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I. INTRODUCTION 

1 

This  i s  the f i f t y  quar te r ly  progress report  submitted i n  
accordance with JPL Contract 951709. 
period from 1 October 1967 through 31 December 1967, 

"he repor t  covers the 

The program involves the exposure of an assembled and fueled 
bipropel lant  l i q u i d  propulsion system t o  the ethylene oxide (ET01 
and heat  s t e r i l i z a t i o n  environments specif ied by JPL Specif icat ion 
VOL 50503 EX'S. 
seconds, 

After exposure, t h e  system will be f i r e d  f o r  300 

The program plan includes a design and component se lec t ion  
phase during which t h e  propulsion system design w a s  evolved. 
second phase involved the  procurement of components f o r  both a 
component t e s t  s e r i e s  and f o r  assembly i n t o  the complete system. 
The t h i r d  phase of the  program, which was car r ied  on i n  p a r a l l e l  
with the design phase, was a mater ia l s  invest igat ion.  The fourth 
phase of the  program involves the assembly and t e s t  of the com- 
p le  t e  propulsion system , 

A 

Twelve cycles  of heat  s t e r i l i z a t i o n  of the components have 
been completed and post- tes t  funct ional  tests were done, -411 
components with the exception of the t h r u s t  chamber valves and 
t h e  solenoid valve have been disassembled and inspected f o r  
degradation. 

Considerable progress has been made i n  the buildup of the 
t e s t  f i r i n g  c e l l .  
t h i s  work w i l l  be completed i n  l i n e  with the schedule f o r  module 
f i r i n g ,  

During the e a r l y  portion of the next period, 

During t h i s  repor t  period the module assembly was completed, 
propel lants  were loaded and the module w a s  s t a r t e d  i n t o  the 
decontamination and s t e r i l i z a t i o n  exposures. A t  the  end of the 
period s i x  cycles  of ET0 decontamination and four cycles  of heat  
s t e r i l i z a t i o n  had been completed. 
ing,  i t  w a s  found t h a t  the nitrogen pressurant tank pressure had 
decayed from 1540 psig t o  1120 psig due t o  a leak. The leak was 
found i n  a t e s t  instrumentation port  cap. A r e p a i r  w a s  made and 
t e s t i n g  progressed without f u r t h e r  problems, 

A t  the  completion of FTO t e s t -  

MA R r I  N MA RIEITA CORPORATION 
D E N V E R  D I V I S I O N  
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11, CONCLUSIONS 

As a r e s u l t  of the  work performed during t h i s  period, t h e  
following conclusions were reached : 

1) 

2) 

Based upon t h e  component t e s t  r e s u l t s ,  s t e r i l i z a t i o n  
of t y p i c a l  Liquid propulsion system components poses 
no s i g n i f i c a n t  problems. Although some degradation 
did occur, no \unsolvable problems were experienced, 
A f l i g h t  system could be designed using state-of- 
the-art  components t o  meet the s t e r i l i z a t i o n  require- 
ments with a high degree of confidence even though 
some s l i g h t  ,modifications may be required. 

Although humidity and  ET0 concentration cont ro l  i n  
a chamber i s  d i f f i c u l t ,  i t  can be accomplished with 
cur ren t ly  ava i lab le  equipment, In addi t ion auto- 
matic cont ro l  is r e l a t i v e l y  simple once the  char- 
a c t e r i s t i c s  o f  the chamber a r e  known. 

MARIIff MAR#€-A CORPORATION 
D E N V E R  D I V I S I O N  
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111. RECOMMENDATIONS 

As a r e s u l t  of t h e  work performed during t h i s  period, the 
following recommendations a r e  made: 

1) Additional work should be i n i t i a t e d ,  i n  par t icu lar ,  
on the components wLhich showed degradation during 
component s t e r i l i z a t i o n .  In  addi t ion more experience 
should be accumulated on the module i n  order t o  
lend credence t o  the t e s t  r e su l t s  and t o  allow b e t t e r  
system and component r e l i a b i l i t y  estimates. 
f i c a l l y ,  the following i tems a r e  recommended: 

Speci- 

a )  Additional s t e r i l i z a t i o n  cycles and f i r i n g  of 
the  e x i s t i n g  module. 

b )  Modify the ex is t ing  module t o  accept a mono- 
propellant t e s t  of hydrazine-hydrazine n i t r a t e .  

c >  Use d i f f e r e n t  components i n  t h e  e x i s t i n g  module 
including a beryllium engine. 

d )  Develop an improved Teflon diaphragm. 

e )  Develope a tantalum screen t rap.  

f )  Do addi t iona l  mater ia l  and propellant compati- 
b i l i t y  tes t ing .  

g )  Develop and test  a system t o  s t e r i l i z e  pro- 
p e l l a n t s  separate from t h e  module followed 
by s t e r i l e  t r a n s f e r  t o  t h e  module and f i r ing .  

J 
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I V .  GENERAL REPOAW 

A .  COMPONENT DESIGN 

A s  t h e  program h a s  progressed and component problems have 

A t  t h e  completion of com- 
occurred during t e s t i n g ,  design changes have been made where 
possible  t o  t h e  module components. 
ponent tes t ing ,  a leakage problem had been experienced with the 
hand valve. Stem leakage and leakage through the  stem cap s e a l  

were above the  allowable of 1 x scc/sec of He  at 1OOO psi. 
A program was i n i t i a t e d  t o  improve the stem cap seal, E w e  la, 
s ince some leakage o f  the Teflon stem packing must be expected 
with operation. A s  a first s t e p  the  1000 aluminum a l l o y  gaskets 
were annealed t o  t h e  s o f t  condition (1100-0) and maximum allow- 
able  torque w a s  applied t o  the cap. The tes t  u n i t  still leaked 
under these conditions. Examination of the u n i t  indicated a 
combination of e f f e c t s  were probably preventing the use of a 
metallic seal.  
cap along with "out-of-parallel" seal surfaces  were the main 
contributors.  

Surface f i n i s h  on the valve body and i n s i d e  the 

The valve was reassembled using t h i n  (.010) Teflon gaskets 
on each surface of the  s o f t  aluminum gasket. Although leakage 
was decreased considerably, i t  was not eliminated. In  addi t ion 
the  Teflon sheet w a s  extruded from between t h e  aluminum washer 
and the valve body and the valve cap. 
would probably continue u n t i l  v i r t u a l l y  no Teflon remained 
between the  metal surfaces  at which time the seal loading would 
be equal t o  the  compressive y i e l d  s t rength of t h e  Teflon. With 
heating and cooling, t h i s  s e a l  load would be reduced u n t i l  the  
s e a l  would be inef fec t ive .  

This extrusion process 

A t  t h i s  time o ther  approaches were t r i e d ,  Figure l b  and'lc.  
Soft aluminum seals with s ing le  and double s e r r a t i o n s  and a com- 
binat ion "0" r i n g  and aluminum spacer r i n g  were used. 
aluminum s e a l s  with s e r r a t i o n s  d i d  not solve the  problem because 
of the  surface f i n i s h e s  involved. 
spacer r ing,  however, proved t o  be t i g h t  under hand torques. 
Several i n s t a l l a t i o n s  were t r i e d  i n  two d i f f e r e n t  t e s t  u n i t s  
with no leakage detected i n  e i t h e r  case. 
i n  an oven at approximately 250°F for 24 hours followed by a 
mass spectrometer leak check using helium at  950 ps ig  with no 
ind ica t ion  of leakage. 
t i o n  were of Viton rubber,good f o r  operating temperatures up t o  
40O0F. This material ,  while not completely compatible with the 

The 

The combination IrO" r i n g  and 

The valves were soaked 

The ttO" r i n g s  se lec ted  f o r  the  in s t a l l a -  

3 
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3 
with the propellants,  r e s i s t s  a t tack  of both oxidizer  and fuel .  
It w a s  decided t h a t  t h e  module u n i t s  would be modified t o  use 
the  ”0” r i n g  s e a l  s ince the stem cap seal i s  a secondary s e a l  
and at worst would see d i l u t e  propellant vapors. 

An addi t iona l  problem which had occurred involved leakage 
from the stem packing nut lock device, Figure IC. 
device cons is t s  of a Teflon plug backed up by a s e t  screw. 
During the stem cap s e a l  t e s t s  t h i s  lock frequently leaked, 
a r e p a i r  f o r  the two valves i n  t e s t ,  a new Teflon plug w a s  cut  
and i n s t a l l e d  with t h e  s e t  screw. 
the body u n t i l  i t  w a s  wel l  below the ex terna l  body threads,  
cav i ty  behind (on the outside o f )  t h e  s e t  screw was packed with 
Devcon tbR. 
epoxy r e s i n  and is general ly  used as metal patching compound. 
Although t h e  epoxy r e s i n  i s  probably not  compatible with e i t h e r  
the  f u e l  o r  oxidizer,  i t  was used due t o  the p a r t i c u l a r  applica- 
t ion.  
the  s e t  screw threads and the valve body. I n  addi t ion only a ,  
d i l u t e  mixture of propel lant  vapor and air trapped i n  t h e  cap 
volume would contact the material .  Although some degradation 
might take place at the  surface,  complete breakdown i s  not 
anticipated.  
the t e s t  u n i t s  was a l s o  added t o  t h e  module valves. 

This locking 

As 

The screw was torqued i n t o  
The 

Devcon WR i s  a suspension of metal p a r t i c l e s  i n  an 

The area of possible  contact i s  the clearance area between 

This modification which proved t o  be adequate f o r  

MARllN MA RIE-A C ORPORANON 
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13, COMPONXNT TESTING 

7 

During the  quar te r  ending 31 December 1967, the  Phase I1 
component t e s t i n g  w a s  completed. 
cyc les  of s t e r i l i z a t i o n  were completed and funct ional  t e s t i n g  
was finished. 
t i o n  of components w a s  i n  progress. 

The second s e r i e s  of s i x  

A t  t h e  end of  the period disassembly and inspec- 

A b r i e f  summary of heat s t e r i l i z a t i o n  cycles  7 through 12 
i s  presented as follows: 

Cycle Number 7, 22 September 1967 t o  25 September 1967 

This s t e r i l i z a t i o n  cycle w a s  s t a r t e d  a f t e r  a l l  components 
had been subjected t o  the  mid-s te r i l i za t ion  func t iona l  t e s t s .  
The oxidizer  tank t e s t  item was not i n s t a l l e d ,  having been 
removed from s t e r i l i z a t i o n  t e s t i n g  f o r  f a i l u r e  ana lys i s  during 
s t e r i l i z a t i o n  Cycle Number 6. The customer-furnished t h r o t t l -  
i n g  valve w a s  i n s t a l l e d  i n  t h e  chamber t o  undergo s i x  cycles  o f  
s t e r i l i z a t i o n  t e s t ing .  
t h r o t t l i n g  valve were h a l f - f i l l e d  with MMH and N204, respec- 

t i v e l y *  
zat ion chamber as they had been i n s t a l l e d  during the  f i r s t  
s e r i e s  of s i x  s t e r i l i z a t i o n  cycles.  

The f u e l  and oxidizer  passages i n  the  

The remaining components were i n s t a l l e d  i n  t h e  s t e r i l i -  

The chamber reference temperature and f u e l  tank pressure 
h i s t o r i e s  during t h i s  cycle a r e  shown i n  Figure 2. 
w a s  uneventful with t h e  exception of a chamber shutdown at 
T + 17 hours which was caused by spurious signals from the  f u e l  
vapor detector.  Chamber temp-erature w a s  res tored  i n  approxi- 
mately -2 hours. Equilibrium f u e l  vapor pressure ( f u e l  tempera- 
t u r e )  w a s  re-establ ished e ight  hours a f t e r  the  shutdown, a t  
which time t e s t i n g  was resumed a t  the  T + 17 hour mark. 

The cycle 

Cycle Number 8, 26 September 1967 t o  29 September 1967 

It w i l l  be noted t h a t  there  was an unusually wide excursion 
i n  chamber reference temperature during the  first half  of t he  
run. This w a s  caused by slippage of a shim under the  cam 
follower of the  temperature cont ro l le r .  
of t h e  cycle,  t h e  temperature set-point w a s  increased t o  compen- 
s a t e  f o r  t he  lower temperatures experienced during the  earlier 
p a r t  of t he  cycle, 
conclusion o f - t h e  cycle. 
f u e l  tank pressure h i s t o r i e s  a r e  shown i n  Figure 3.  

During the  l a t t e r  ha l f  

The con t ro l l e r  problem was r e c t i f i e d  a t  the  
The chamber reference temperature and 

MARTIN MA RIETZA CORPORA TION 
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Cycle Number 9, 29 September 1967 t o  3 October 1967 

This cycle  w a s  i n t e r rup ted  at T + 48:50 hours by loss of 
f a c i l i t y  GN 

temperature con t ro l l e r  t o  shut o f f  t he  chamber heaters .  This 
condition occurred during unattended chamber operat ion on Sunday, 
1 October, and the  shutdown w a s  of a type which could not a c t i -  
vate  the  chamber k i l l  alarm system. 
therefore ,  not  detected u n t i l  the  following morning, at which 
time the  chamber had been at under-temperature condi t ions f o r  
approximately 18 hours. 
f u e l  vapor pressure ( f u e l  temperature were re-established at 
16:50 on 2 October 1967, at which time the cycle timing w a s  
resumed a t  T + 48:50 hours elapsed time. 
at 20:OO on 3 October without fu r the r  inc ident ,  The chamber 
reference temperature and f u e l  tank pressure h i s t o r i e s  are pre- 
sented i n  Figure 4, exclusive of the  t r ans i en t  h i s t o r i e s  during 
the  above-described in te r rupt ion .  

pressure i n  t h e  t e s t  area,  which caused the  chamber 2 

The shutdown condition w a s ,  

Equilibrium chamber temperature and 

The cycle  w a s  concluded 

Cycle Number 10, 3 October 1.967 t o  6 October 1967 

This cycle  was completed without incident.  The chamber 
reference temperature and f u e l  tank  pressure h i s t o r i e s  a r e  pre- 
sented i n  Figure 5 ,  

Cycle Number 11, 7 October 1967 t o  10 October 1967 

This cycle  was completed without incident ,  Data h i s t o r i e s  
a r e  shown i n  n g u r e  6. 

Cycle Number 12, 10 October 1967 t o  13 October 1967 

This cycle was completed wi thwt  incident ,  His tor ies  of 
chamber reference temperature and f u e l  tank pressure a r e  pre- 
sented in Figure 7. 

MART8N MARIhrrLl CORPORATION 
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- Phase I1 Post-Ster i l izat ion Functional Tests 

The pos t - s te r i l i za t ion  funct ional  t e s t s  were completed on 
a l l  test  components with the exception of the oxidizer  tank 
(removed from t e s t i n g  during Cycle Number 6)  and the customer- 
furnished t h r o t t l i n g  valve, 
nated and shipped t o  JPL  f o r  funct ional  t e s t s .  Results of the  
pos t - s te r i l i za t ion  funct ional  t e s t s  on each of the  components 
a r e  presented i n  the  Summary Data Sheets of Figures 8, 9, 10, 
12, 16, 17, and 20, together with the data  from the p r e - s t e r i l i -  
zation and mid-ster i l izat ion functional t e s t s .  

The t h r o t t l i n g  valve was decontami- 

I n  general, there  w a s  no s igni f icant  change i n  the perform- 
ance of the  t es t  components a f t e r  exposure t o  t h e  twelve s t e r i -  
l i z a t i o n  cycles with the  exception of the  pressure regulator  and 
the hand valve. The solenoid valve showed a marked degradation 
i n  d i e l e c t r i c  s t rength;  however, t h e  performance of the valve 
w a s  not noticeably impaired. The degradation noted i n  the per- 
formance of the regulator  and hand valve occurred during the 
f i r s t  s e r i e s  of s i x  s t e r i l i z a t i o n  cycles, while the degradation 
i n  the  condition of the solenoid valve occurred during the 
second s e r i e s  of s i x  s t e r i l i z a t i o n  cycles, 
formance of each of the t e s t  components is given below: 

A review of the  per- 

Ordnance Valve: There w a s  no change i n  t h e  performance 
(i.lea!!age c h a r a c t e r i s t i c s )  of the  ordnance valve a f t e r  
exposure t o  t h e  12 s t e r i l i z a t i o n  cycles. 
zero i n t e r n a l  and ex terna l  leakage when checked with the 
helium mass spectrometer leak detector.  
leakage tests, the  normally-closed portion of the valve 
was f i r e d  open with the same squib which had been exposed 
t o  a l l  s t e r i l i z a t i o n  t e s t s  i n  the  valve. 
drop of the valve was then measured a t  t h e  design condi- 
t i o n s  f o r  the propulsion module pressurant gas  supply at 
the  propellant tanks, Following the  flow capacity t e s t ,  
the  normally-open sect ion of t h e  valve w a s  f i r e d  closed 
f o r  the f i n a l  leakage test. I n t e r n a l  leakage w a s  again 
zero; however, ex te rna l  leakage of helium i n  the area of 
the  i n l e t  f lange mechanical s e a l  had increased from zero 

t o  7.3 x 10-7 scc/sec. 

The valve exhibited 

Following the  

The pressure 

The flanged j o i n t  of the  unit w a s  disassembled. The 
three  holding screws required considerable torque t o  
loosen. 
the c i r c u l a r  r idges  and was spread out t i g h t l y  against  
the body section, 

The aluminum gasket showed a good imprint of 

I 
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j 
Another l i n e  j o i n t  approximately one inch from t h e  flanged 
j o i n t  had been a source of leakage i n  post tes ts  and i t  
is  f e l t  t h a t  the indicated leakage w a s  from t h i s  j o i n t  
r a t h e r  than the  flange jo in t .  

Solenoid Valve: 
performance of the  solenoid valve; however, the d i e l e c t r i c  
s t rength of the solenoid c o i l  showed degradation during 
the last s i x  heat s t e r i l i z a t i o n  cycles. This has been 
discussed with the  Vendor and i t  was suggested t h a t  
moisture had condensed i n s i d e  the  potted area since the  
valve i s  not hermetically sealed. To check t h i s  theory 
t h e  u n i t  was placed i n  a vacuum oven a t  a pressure of 
24 inches of Hg below l o c a l  ambient and a temperature 
of 250°F f o r  a t o t a l  period of 32 hours. 
down t o  room temperature, the  u n i t  still indicated about 
22 microamps a t  500 VAG. It w a s  then discovered t h a t  
the measuring instrument was i n  error .  
breaker i n  t h e  instrument was opening at 22 microamps 
and the  instrument could not read above t h i s  point. 
The unit  w a s  then r e t e s t e d  on a hi-pot type instrument. 
This f i n a l  t e s t  shows approximately 500 microamps leakage 
current  at 500 VAC, as shown i n  the Summary Data Sheet 
of Figure 9. 
a very d e f i n i t e  degradation i n  d i e l e c t r i c  s t rength and 
correct ive measures should be incorporated i n  fu ture  
designs. A t  the  end of the  report  period preparations 
were being made t o  disassemble the  valve f o r  f a i l u r e  
ana lys i s  . 

There w a s  no measurable change i n  the  

After cooling 

A small c i r c u i t  

This increase i n  leakage current i n d i c a t e s  

F i l t e r :  
c h a r a c t e r i s t i c s  of the  f i l t e r ,  as shown on the Summary 
Data Sheet of Figure 10. 
f i l t e r  at design flow r a t e  remained at zero (no measur- 
able  pressure drop using a d i f f e r e n t i a l  pressure trans- 
ducer having a range of 0 t o  5 p s i ) r  

There was no measurable change i n  the flow 

Pressure drop through the 

Following the flow capacity t e s t s ,  the  uni t  w a s  subjected 
t o  a bubble point check, With GN pressure applied at 
the i n l e t  s i d e  and the  o u t l e t  wetZed and covered with 
methanol, the  bubble point was between 17.25 and 17.5 
inches of H 0. This shows a degradation from the 
acceptance 2 t e s t  f i g u r e s  t h a t  were between 22 and 24.2 
inches of H 0, However, t h i s  i s  still within the  
acceptable range s ince the  m i n i m u m  spec i f ica t ion  bubble 
point f o r  t h i s  f i l t e r  weave i s  15.9 inches of H20. Future 
designs should incorporate an allowance i n  the  acceptance 
t e s t  t o  allow f o r  some degradation. 

2 
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The unit w a s  cu t  open (see h'igure 11) and examined. 
d i r t  w a s  evident on the i n l e t  s i d e  and no separat ion w a s  
v i s i b l e  along the  welded j o i n t s  o r  on the screen surface,  

No 

Figure 11 Component Test F i l t e r  Disassembly 

Hand Shutoff Valve: The hand shutoff valve continued t o  
exhib i t  i n t e r n a l  leakage at t h e  l imi t ing  torque value of 
10 inch-pounds which was employed throughout -the test;  
however, at the  conclusion of a l l  s t e r i l i z a t i o n  t e s t i n g ,  
t h e  valve exhibited zera i n t e r n a l  leakage (zero cc i n  
15 minutes) when the  stem w a s  torqued closed t o  16 t o  17 
inch-pounds (see the  Summary Data Sheet of Figure 121, 
The valve should, therefore ,  be judged s a t i s f a c t o r y  from 
the standpoint of shutoff capabi l i ty .  

The ex terna l  leakage at the  conclusion of t h e  s t e r i l i z a -  
t i o n  t e s t  was s u b s t a n t i a l l y  unchanged from t h a t  observed 
at the mid-ster i l izat ion point,  being i n  the neighborhood 

of 1 x The leakage w a s  noted at 
the bonnet cap, ind ica t ing  t h a t  both the  stem packing and 
the  bonnet cap seal were leaking, 

age i s  specif ied at 1 x 10 
A s  deta i led  i n  Section IV-A of t h i s  report ,  a development 
program w a s  i n i t i a t e d  t o  improve the cap s e a l  f o r  t h e  
module valves. 

scc/sec of helium. 

Maximum allowable leak- 
-8 scc/sec of helium a t  935 psig. 

J 
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Fig. 13 Hand Valve Disassembly 

Disassembly of the  valve, Figure 13, disclosed a very heavy 
coating of white, powdery, aluminum oxide on the  exposed 
portion of the poppet. This w a s  most severe on the  1100-0 
poppet nose, see Figure 14. The oxidation of the  anodized 
body w a s  very s l igh t .  

The stem chevron Teflon packing showed considerable extru- 
s ion between the stem and the  back-up washer, Fie;ure 15. 
The stem measured 0,2476tt i n  diameter i n  the region 

,covered by the chevron packing and the back-up washer was 
0.2815" at the inner  diameter, 
clearance of 0,0339tt. 

This l e f t  a diametral  

Z'he heavy oxide coat ing was ant ic ipa ted  because mater ia l  
t e s t s  under Task I11 did show react ion between aluminum 
alloys and the oxidizer  at  s t e r i l i z a t i o n  temperatures, 
Future designs should consider a l l  titanium construction, 

The Teflon packing extrusion could have caused the ex terna l  
leakage reported i n  the  pos t - s te r i l i za t ion  t e s t s  r e s u l t s  by 
permitt ing a re laxa t ion  of the sea l ing  force. 
clearance between stem and washer i s  excessive and future  
t e s t s  could determine m a x i m u m  clearance versus gland nut 
torque over extended periods at s t e r i l i z a t i o n  temperatures, 

The diametral 

3 

M A R I I N  MAR8E-A CORPORATION 
D E N V E R  D l V l S I O N  



MCR-67-15 23 

Fig. 14  Hand Valve Poppet 

Fig. 15 Hand Valve Stem Seal Chevrons 
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Thrust Chamber Valves: Performance of the t h r u s t  chamber 
valves is shown i n  Figure 16 f o r  the  funct ional  t e s t s  run 
before s t e r i l i z a t i o n  and a f t e r  campletion of t h e  12 s t e r i -  
l i z a t i o n  cycles. The response data  from the mid-ster i l i -  
zat ion functional t e s t  was adversely a f fec ted  by i n t e r -  
ac t ion  between the  valve solenoid c o i l s  caused by the 
data  acquis i t ion system loading t h e  d i r e c t  c o i l .  
of the  d i r e c t  (data pick-off) c o i l  caused the  response 
time of the valves t o  increase by approximately a fac tor  
of 3. 
discovered u n t i l  after the second s e r i e s  of s t e r i l i z a t i o n  
cycles was underway, accurate r e t r i e v a l  of the t r u e  
response c h a r a c t e r i s t i c s  of the valves w a s  not  feas ib le ,  
In  addition, s ince the operating c h a r a c t e r i s t i c s  of the 
valves were not s i g n i f i c a n t l y  changed a f t e r  12 s te r i l i -  
zation cycles, i t  is reasonable t o  assume t h a t  there  
was no s igni f icant  change i n  valve performance at the  
mid-ster i l izat ion point. 
which may be noted i s  t h a t  the response time of t h e  
valves increased by 1 t o  2 milliseconds although there  
was s l i g h t  decrease i n  the pull-in voltage which would 
ind ica te  t h a t  i n t e r n a l  f r i c t i o n  had not increased, 
In te rna l  and ex terna l  leakage of the valves remained at 
zero throughout the  s t e r i l i z a t i o n  program. 

Loading 

Inasmuch as the  i n t e r a c t i o n  phenomenon was not 

The general  performance t rend 

Pressure Regulator: 
t e s t s  on the pressure regulator  (Figure 17) showed t h a t  
the regulat ion c h a r a c t e r i s t i c s  were s u b s t a n t i a l l y  the  
same as those exhibited at the mid-ster i l izat ion point,  
i.e., the regulat ion band w a s  approximately 15 p s i g  below 
the spec i f ica t ion  value. This indicated t h a t  the  s h i f t  
i n  regulat ion band which had occurred during the f i r s t  
se t  of s ix  s t e r i l i z a t i o n  cycles did not progress measurably 
during the second s i x  cycles. The i n t e r n a l  leakage of 
the regulator  had increased by a fac tor  of four over the  
f i n a l  r e s u l t s  obtained during the mid-ster i l izat ion func- 
t i o n a l  test .  The leakage r a t e  did not change after exer- 
c i s ing  the  regulator,  

The r e s u l t s  of t h e  p o s t - s t e r i l i z a t i o n  

Tear down of the unit s t a r t e d  at the square flange holding 
the i n l e t  tube and f i l t e r  t o  t h e  main body. 
screws required very low torque t o  loosen (approximately 
5 in-lbs). 

The four 
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Task I1 

SUMMARY DATA SHEET 

Component: Thrust Chamber Valves 

A .  Oxidizer Valve, Sh 575 

Maximum 
M i n i m  

1. f i l l - i n  Voltage (VE) 

2. Opening Response (sec)  
Maximum 
Minimum 

3. Closing Response (set) 
Maximum 
M i n i m u m  

4. Leakage: External (bubbles GN2 

5. Pressure Drop, 

In te rna l  (cc GN2/hr) 

Design flow ( p s i )  

6. Insulat ion Resistance (megohms) 

B. Fuel Valve, S f i  576 
1. Pull-in Voltage (VDC) 

Max,imum 
Minimum 

2. Opening Response (see) 
M a x i m u m  
Minimum 

3. Closing Response (set) 
Maximum 
Minimum 

4. Leakage: External (bubbles GN2 

5. Pressure Drop, 

In t e rna l  (cc GN2/hr) 

Design Flow (ps i )  

6. Insulat ion Resistance (megohms) 

're- 
%er i l i za t ion  

14.0 
14,O 

. 0118 
,0112 

.0084 
0079 

Zero 
Zero 

27.5 

500+ 

11.5 
11.5 

.0089 

.0087 

0094 . 0091 
Zero 
Zero 

13.8 

500+ 

Fig. 16 Performance Data, Thrust Chamber Valves 

Post- 
S t e r i  l i z a t i o a  .- 

13.2 
13.0 

0125 . 0123 
* 0090 
*oogo 

Zero 
Zero 

29.2 

500+ 

11.3 
11.3 

.0118 
* 0120 

.0096 . 0087 

Zero 
Zero 

14.2 

- --.I- 

500+ 
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The f i l t e r ,  Figure 18, showed some accumulation of d i r t  
on t h e  upstream s i d e  but t h i s  was not excessive, 

The a rea  i n s i d e  the u n i t  i n  the v i c i n i t y  of the poppet 
w a s  heavily coated with moisture. 

The b a l l  poppet, Figure 19, w a s  coated with oxide. The 
contact area of the poppet seat was br ight  as wel l  as 
the  s l i d i n g  areas along the  poppet guide. Several other  
br ight  a reas  (see arrows) around the seat contact indi-  
cated a probable contaminant rubbing of the  oxide coat. 
No contaminants could be seen i n  the seat area at t h i s  
time. 

The low torque required t o  loosen the square flange 
holding screws i n d i c a t e s  a relaxat ion of the  holding 
force during s t e r i l i z a t i o n  cycling. 
the cause of the  external  leak a t  t h i s  point on post- 
s t e r i l i z a t i o n  tes t ing .  It i s  recommended t h a t  fu ture  
designs consider increasing the  number of holding 
screws t o  s i x  o r  e ight  and/or change the  hard s e a t  cone 
s e a l  t o  a f l a t  f lange with spr ing loaded type of metal l ic  
s e a l  ('tK't type sea l ) .  

This w a s  probably 

The presence of moisture i n s i d e  the u n i t  and the  br ight  
spots  along t h e  poppet s e a t  contact ind ica tes  t h a t  con- 
taminants could have damaged the body sea t  and a r e  re- 
sponsible f o r  t h e  higher i n t e r n a l  leak. Future designs 
may consider a downstream f i l t e r  t o  t r a p  back flow con- 
taminants and/or exercise  care  i n  system blowdown pro- 
cedure t o  assure complete pressure r e l i e f  on the  down- 
stream side. 

Propellant Tanks: 
t i o n a l  t e s t  consisted of an expulsion t e s t  a t  minus l g  
conditions and an ex terna l  leakage t e s t .  
the  f u e l  tank had been subjected t o  s t e r i l i z a t i o n  t e s t i n g  
i n  t h e  inverted posit ion,  a p a r t i a l  expulsion w a s  first 
made i n  the plus  lg or ien ta t ion  i n  order t o  f i l l  the 
propellant t rap .  
lg expulsions resu l ted  i n  expulsion of only a port ion 
of the  capacity of t h e  t r a p ,  Furthermore, the  e f f luent  
w a s  a mixture of gas and l i q u i d  throughout the  expulsion 
sequence. 
various expulsion attempts responded t o  the method used 
t o  f i l l  the  t rap .  
zat ion functional t e s t  was t o  assess  heat-induced 

The f u e l  tank pos t - s te r i l i za t ion  func- 

Inasmuch as 

Subsequent attempts t o  perform minus 

The quant i ty  of f u e l  expelled during the 

Since the  i n t e n t  of t h e  pos t - s te r i l i -  

MARNN MARlEITA CORPORATfON 
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Fig. 18 Regulator Internal F i l t e r  

Fig. 19 Regulator Poppet B a l l  

MARr8N MARIETTA CORPORAr8ON 
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degradation, t h e  r e s u l t s  shown i n  FS.gure 20 represent 
t h e  expulsions associated with the  most e f f e c t i v e  t r a p  
f i l l i n g  technique. The 0,96 pound quant i ty  expelled a t  
minus 1g  conditions was demonstrated a f t e r  the  tank had 
been i n  the minus l g  a t t i t u d e  f o r  about 16 hours. 
Completely gas-free flow w a s  not a t ta ined  i n  any of the 
several  minus l g  expulsion t e s t s .  

A sample of the  MMH f u e l  w a s  taken from the f u e l  tank 
tes t  item a f t e r  about ha l f  of the  50 pound load had 
been expelled. The laboratory analysis ,  shown i n  
Table 1, indicated t h a t  no s igni f icant  degradation of 
the  f u e l  had taken place. 
white a t  the  end of the Phase I1 s t e r i l i z a t i o n  tes t ing ,  
ind ica t ing  t h a t  no oxidation had taken place. 

The f u e l  was still water- 

After the  i n i t i a l  at tempts t o  obtain s ing le  phase l i q u i d  
flow under minus l g  conditions, a short  t e s t  program was 
i n i t i a t e d  t o  accomplish two objectives.  
t i v e  was t o  es tab l i sh  a tank f i l l  technique which would 
assure f i l l i n g  of the  t r a p  so  t h a t  minus l g  operation of 
the t r a p  could be determined exclusive of s t e r i l i z a t i o n  
e f fec ts .  The second object ive w a s  t o  demonstrate i n i -  
t i a t i o n  of pos i t ive  1g outflow without gas  entrainment 
t o  assure proper engine operation during the module f i r i n g .  

The f i r s t  objec- 

The i n i t i a l  tank f i l l  had been accomplished by evacuating 
the tank i n  the  upright pos i t ion  and allowing f u e l  t o  
f i l l  through t h e  o u t l e t  port .  
i n i t i a l  f u e l  vapor caused by f u e l  f lash ing  i n t o  the 
vacuum. 
vesse l  during tank f i l l .  A t  the  completion of f i l l  only 
propellant l i q u i d  and vapor were i n  the  tank r e s u l t i n g  
i n  a tank pressure of approximately 2 p s i a  under ambient 
conditions. It i s  f e l t  t h a t  t h i s  technique could r e s u l t  
i n  f u e l  vapor being held i n  the  t r a p  with consequent t r a p  
performance degradation. 
f i l l i n g  involved o v e r f i l l  of the  tank and subsequent drain 
back t o  t h e  proper load. 
by f i l l i n g  the  tank under a 1 atmosphere blanket of ni t ro-  
gen i n  the upright pos i t ion  u n t i l  the tank w a s  completely 
f i l l e d ,  i-e.,  l i q u i d  f u e l  flowed from the  gas  i n l e t  port. 
A t  t h i s  time the  tank w a s  inver ted and l i q u i d  was flowed 
i n t o  the gas  i n l e t  port  u n t i l  a l l  bubbles from the l i q u i d  
o u t l e t  port  were removed. The tank w a s  then ro ta ted  t o  
the upright pos i t ion  and nitrogen was introduced at the 
gas i n l e t  port  t o  drain back t o  the  cor rec t  load. 

This resu l ted  i n  some 

Load w a s  determined by weight checking the  source 

The second technique used f o r  

This sequence was accomplished 

The 
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Table 1 

MI4H G a s  Chromatograph Analysis Resul ts  

MMH From the  Task I1 Fuel Tank After S t e r i l i z a t i o n  

LAB Report 67B2123 

Component 

Monomethyl Hydrazine 

Nitrogen 

Ammonia 

Water 

Unknown (methylamine? 

Volume Fract ion - % 

98 0 95 

0 ~ 1 2  

0 8 09. 

08 70 

0814 
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quant i ty  drained w a s  col lected i n  a receiver  vessel  on 
a sca le  t o  determine proper drain back. A s  a check the 
propellant tank had been weighed empty and w a s  again 
weighed a f t e r  fill, Load quantity desired w a s  51.03 
pounds and the  amount loaded w a s  50.70 pounds which i s  
well within the loading accuracy required, 

Under t h i s  load condition the tank w a s  outflowed i n  the 
upright posi t ion and flow w a s  observed i n  a s ight  glass, 
No gas flow was noted and a f t e r  a flow of approximately 
10 pounds of f u e l  t h e  tank w a s  inver ted and minus l g  out- 
flow w a s  attempted. Again a two-phase mixture was expel- 
l e d  with almost the  same t o t a l  l i q u i d  weight which had 
been expelled iising the vacuum loading technique. 

As a r e s u l t  of the spec ia l  t e s t i n g  accomplished on the 
f u e l  tank during the completion of Phase 11, it w a s  
decided t h a t  the o v e r f i l l  loading technique would be 
used on t h e  module f u e l  tank. I n  t h i s  way s i n g l e  phase 
l i q u i d  outflow t o  the  engine w i l l  be assured even though 
minus l g  outflow w i l l  not be attempted as a p a r t  of  the  
f i r i n g  sequence, 

Upon completion of the expulsion t e s t s ,  the f u e l  tank 
was decontaminated and then cut i n  two at the  g i r t h  
weld. After cleaning, t h e  lower ha l f  containing t h e  
screen t rap,  see Figure 21, was subjected t o  a leak  
and bubble t e s t .  The weld j o i n t  proved t o  be i n t a c t  
and the first leak appeared at the outer  row of r i v e t s ,  
where the titanium i s  r ive ted  t o  t h e  s t a i n l e s s  s tee l  
t rap,  see arrows Figure 22. This leak s t a r t e d  at 5 
inches of H 0 pressure, The screen s t a r t e d  bubbling 2 at  8 inches of H 0 pressure. 
both at the  sandwich connection edge and through the  
screen , 

The indicat ion here was 2 

The screen t r a p  was then separated from the tank h a l f  
and a hole d r i l l e d  i n  t h e  upper p l a t e  t o  permit gas  
pressure inject ion.  The t r a p  u n i t  was then subjected 
t o  a bubble check, Leaks s t a r t e d  at the  closure p l a t e  
r ive ted  connection, see Figure 23, at 1% inches of 
H 0 pressure. 

The above tes t  i n d i c a t e s  t h a t  the screen t r a p  w a s  func- 
t ioning properly although the bubble point was lower 
than when i n s t a l l e d ;  therefore,  some other f a c t o r  was 
responsible for t h e  two-phase flow indicated e a r l i e r .  

2 
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An examination of t he  t r a p  and tank assembly indicated 
t h a t  there  w a s  an a rea  i n  suspect,  namely, the  flow area 
between the smaller diameter base of the cone frustrum 
and t h e  tank w a l l .  It appears t h a t  on fabr ica t ion ,  t h i s  
a r ea  w a s  smaller than had been an t ic ipa ted  due t o  shop 
tolerances.  I f  t h i s  a r ea  should provide a r e s t r i c t i o n  
i n  excess of the  bubble point of the t r a p  closure p l a t e  
r i v e t s  (l$P H 0) then t h e  two-phase flow would indeed 2 occur. 

To test  t h i s  theory, accurate measurements were made 
o f  t h e  tank and t r a p  (see Appendix A )  and ca l cu la t ion  
showed t h a t  the pressure drop at r a t ed  flow w a s  equi- 
valent  t o  2,663" H 0 pressure,  merefore ,  two-phase 
flow would occur due t o  a breakdown of the  t r a p  at the 
closure p l a t e  r ive t s .  

2 
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C, PROPULSION MODULE ASSEMBLY AND TESTING 

37 

Assembly of the  propulsion module was completed and leak 
checks performed t o  assure  compliance with the design c r i t e r i a .  
Following completion of leakage tests,  the  basel ine funct ional  
t e s t s  were performed on the module solenoid (GI? 
the  two t h r u s t  chamber va lves  and the pressure 2regulator as 
s t i p u l a t e d  i n  the  Test Plan. The r e s u l t s ,  Table 2, showed t h a t  
the solenoid valve and the t h r u s t  chamber valves were perform- 
ing  s a t i s f a c t o r i l y .  The pressure regulator  exhibited excessive 
i n t e r n a l  leakage and low pressure regulation. The leakage value 
w a s  68 scc /hr  of GN compared t o  the allowable 'value of 10 scc/hr. 
Further, the regulagion pressure w a s  241-245 psig compared t o  the  
allowable of 248 f 5 psig. 
suppl ier  f o r  r e p a i r  and adjustment so the s t e r i l i z a t i o n  exposure 
would be i n i t i a t e d  with the regulat ion band i n  the required l i m i t s .  
The suppl ie r ' s  inves t iga t ion  revealed a scratch mark i n  the regu- 
l a t o r  valve seat,*presumably the  r e s u l t  of passage of a foreign 
par t ic le .  The regula tor  sea t  was repaired, and the  regulat ion 
spring was heat-treated a t  325'F f o r  24 hours a t  i t s  working 
s t r e s s  l e v e l  t o  obviate the set-point degradation which had been 
e x l i b i t e d  by the component t e s t  regulator. 

loading) valve, 

The regulator  w a s  returned t o  the 

Upon rece ip t  of the  repaired regulator,  i t  was found t h a t  
the  i n l e t  tube had been indexed incorrect ly;  therefore,  t h e  
i n l e t  flange and tube assembly w a s  removed i n  the Class 100 
clean room and r e i n s t a l l e d  i n  the correct  posi t ion,  Following 
i n s t a l l a t i o n  i n  the  module, the  pre-test  funct ional  t e s t s  were 
conducted. The r e s u l t s  of t h e  functional t e s t ,  shown i n  Table 
2, showed t h a t  t h e  regulat ion band w a s  within spec i f ica t ion  
l i m i t s ;  however, the i n t e r n a l  leakage w a s  again somewhat i n  
excess of the  allowable leakage (14.5 scc/hour, compared t o  the  
allowable 10 scc/hour) . 

Prior t o  the above-described i n s t a l l a t i o n  and funct ional  tes t ,  
the  f a c i l i t y  supply and exhaust i n t e r f a c e s  at the module 
service pane?. were equipped with 5 micron nominal f i l t e r s  t o  
protect  the regulator  from contaminant p a r t i c l e s  i n  the supply 
gas and a l s o  from possible back-flow of e f f luent  GN 2' 

The performance of the pressure regulator  was judged adequate 
f o r  the  desired performance of the  module; therefore,  no fur ther  
t e s t i n g  w a s  done, 

MARI"IN MARIE-A G 
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Table 2 

Baseline Performance of Propulsion Module Components 

I. Thrust Chamber Valves 

Maximum Minimum 

A. Oxidizer Valve 

1. Opening Response (sec)  

2. Closing Response (bec) 

3. Leakage - External (bubbles ?a2) 
I n t e r n a l  (cc GN;Z/hr) 

B. Fuel Valve 

e 0092 e 0089 

.0062 .0060 

Zero 

Zero 

1. Opening Response (sec)  

2. Closing Response ( sec)  

3 .  Leakage at 250 psig: 

External (bubbles GN2) 

I n t e r n a l  (cc GN2/hr) 

11. GN Loading Solenoid Valve -2 
A. Leakage, External (scc/sec Helium): 

B. Die lec t r ic  Strength (rnilliamps leakage) 

111. Regulator 

A. I n t e r n a l  Leakage (scc /hr  GN2) 

B. External Leakage (bubbles GN2) 

C. Regulation: 

I n l e t  Pressure, I n i t i a l  (ps ig)  

I n l e t  Pressure, F ina l  (psig) 

Average Flow Rate, GN2 ( lbs/sec) 

Outlet  Pressure 'Variation (psig)  

D. Hysteresis : 

Init ial  Outlet  Lock-Up Pressure (psig)  

Outlet Pressure Range (psig)  

E. Response: 

I n l e t  Pressure, Average (psig)  

Outlet  Pressure, Lock-up (psig)  

Overshoot (psig)  

0 0073 0070 

e 0070 0062 

Zero 

12 

Zero 

0,006 

14.5 
Zero 

1498 

350 
0.015 

250 

263 

250 

1520 

261 

0 

247 

247 
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Propulsion Module Preparation 

Following t h e  i n s t a l l a t i o n  of the  pressure regulator  and 
completion of functional- t e s t s ,  the  propulsion module propellant 
tanks were loaded. The oxidizer  tank was loaded by the  evacua- 
t i o n  method used i n  Phase 11. The f u e l  tank w a s  loaded t o  51.9 
ponnds of MMH by t h e  o v e r f i l l  technique developed during the 
Phase I1 expulsion t e s t s .  
first s ince i t  involved r o t a t i n g  the  module. 
w a s  then loaded t o  84.5 pounds of N204 with the module i n  the 
upright posi t ion . 

The f u e l  tank loading w a s  performed 
The oxidizer tank 

Upon completion of propellant tank loading, the propulsion 
module w a s  i n s t a l l e d  i n  the decontamination chamber l i d  as shown 
i n  the photographs’of Figures 24 and 25, 
tank w a s  then loaded with GN 
psig. 
taken t o  ver i fy  propellant levels .  

The module nitrogen 
t o  a s t a b i l i z e d  pressure of 1550 

X-ray photographs of 2the propellant tanks were then 

39 

During the f i n a l  inspection of the module p r i o r  t o  placing 
i t  i n  the  decontamination chamber, a s l i g h t  leakage of oxidizer 
vapor w a s  detected at the i n l e t  f lange of the  oxidizer  tank pro- 
pe l lan t  o u t l e t  ordnance valve. A torque check?of the  three  
8-32 capscrews i n  the  i n l e t  flange revealed t h a t  the torque had 
relaxed from t h e  o r i g i n a l  assembly value pf 30 inch-pounds. An 
inspection w a s  made of the  other four valve i n l e t  flanges. 
w a s  found t h a t  although the r e s t  of the i n l e t  f langes were leak 
f ree ,  and the  capscrews were still t i g h t ,  the  flange faces  were 
not but ted together. I n  order t o  achieve the desired condition 
of butted flanges, a higher torque value of 40 inch-pounds w a s  
established; however, the stress s o  imposed on t h e  threads i n  
the aluminum valve flange were calculated t o  be near t h e  y ie ld  
region. I n  order t o  provide an adequate safe ty  margin, the  
l/;l-inch long machine screws were replaced with 3/4-inch screws 
i n  order t o  permit i n s t a l l a t i o n  of a back-up nut. 

It 

The above-described changes t o  t h e  ordnance valve i n l e t  
flange fas teners  were accomplished without perturbing the  pro- 
pe l lan t  tanks, For s a f e t y  reasons, the nitrogen tank pressure 
was reduced t o  zero p r i o r  t o  changing the  valve flange fasteners.  

Concurrent with i n s t a l l a t i o n  of the new fastener  configura- 
t ion,  the  Phase I1 components t e s t  valve w a s  proof pressure 
t e s t e d  and leak checked with the same flange fas tener  configura- 
t i o n  using the new torque value of 40 inch-pounds. 
confirmed the i n t e g r i t y  of  the configuration. 
check, the  propulsion module f u e l  tank w a s  pressurized t o  operat- 
i n g  pressure, and t h e  ordnance valve f langes were checked for  

These t es t s  
A s  an addi t iona l  

MARTIN MARIEIlA CORPO/REITION 
D E N V E R  D I V I S I O N  



40 MCR-67-15 

i 
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leakage with a f u e l  vapor detector.  
a l s o  checked a f t e r  heat ing t h e  tank t o  produce an oxidizer pres- 
sure  of 100 psig,  
i n  order t o  avoid f lex ing  the  expulsion bladder, 
detected i n  the oxidizer  system. 

The oxidizer  system w a s  

The l a t t e r  method of pressurizat ion w a s  used 
No leaks  were 

As t h e  f i n a l  item of preparation of t h e  module f o r  decoa- 
tamination and s t e r i l i z a t i o n  t e s t i n g ,  t h e  module hand shutoff 
valves were equipped with the  stem cap s e a l s  previously described, 
and the  stem lockscrew holes  were f i l l e d  on the outs ide of t h e  
lockscrew with the Devcon WR epoxy resin,  
required valves t o  admit t h e  propellant tank pressures t o  the  
pressure transducers and safe ty .  package, the stem caps were 
i n s t a l l e d  and torqued t o  t h e  90 inch-pound spec i f ica t ion  value. 

After opening the  

The i n s t a l l a t i o n  of the propulsion module i n  the decontami- 
na t ion /s te r i l i za t ion  chamber i s  shown schematically i n  Figure 26, 
It will be noted t h a t  the module f u e l  tank w a s  connected i n  such 
a manner t h a t  the  tank could be pressure drained through opera- 
t i o n  of remotely-controlled valves i n  the  event of uncontrolled 
decomposition of the MMH. 

Module Decontamination Tests  

The required s i x  ET0 decontamination t e s t s  were completed i n  
t h i s  report  period, Each of the t e s t s  w a s  run according t o  the 
procedure described i n  the  Test Plan, consis t ing of 1.5-hour 
heating and humidifying phase; chamber evacuation and pressuri-  
zat ion t o  22 p s i a  with s t e r i l a n t  gas  (6xyfume-12); re-humidifi- 
cat ion t o  55 f 5% r e l a t i v e  humidity and commencement of the 
26-hour constant exposure period of 122'y chamber temperature. 
Following t h e  completion of the 26-hour exposure period, the 
1,5-hour cooling phase w a s  accomplished as described i n  the 
Test Plan. A br ie f  descr ipt ion of each of the s i x  tes ts  com- 
pleted t o  date i s  given below: 

Decontamination Cycle No. 1: This test  was s t a r t e d  on 
16 November, but w a s  aborted shor t ly  a f t e r  commencement 
of the  26-hour exposure period, due t o  an i n a b i l i t y  t o  
cont ro l  chamber temperature, 
runs, the  problem of uncontrolled heating of the chamber 
was traced t o  Joule heating of the  s t e r i l a n t  gas  by the 
blower. I n  addition, problems were encountered i n  the 
r e l a t i v e  humidity control  and monitoring systems. The 
resolut ion of the  above-mentioned problems i s  de ta i led  
i n  the  Test F a c i l i t i e s  sect ion of t h i s  report .  

After a s e r i e s  of check 
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During the  i n i t i a l  heating phase of the  severa l  attempts 
at Cycle Number 1, it became apparent t h a t  the l32OF 
water supply temperature t o  the  chamber heat exchanger 
w a s  not  ho t  enough t o  maintain the  required temperature 
ascent schedule. This was a t t r i b u t e d  t o  the thermal 
load created by the  propulsion module, s ince the chamber 
heating system had performed s a t i s f a c t o r i l y  with l32OF 
water during the q u a l i f i c a t i o n  t e s t s  (no t e s t  item i n  
chamber). I n  order t o  accommodate t h e  thermal load of 
the  module, t h e  operating procedure was changed t o  per- 
m i t  operation of t h e  chamber water supply system at 
150°F during t h e  i n i t i a l  1.5-hour heat ing and humidity 
conditioning phase. Since t h a t  phase of the  t e s t  does 
not involve the use of s t e r i l a n t  gas, the spec i f ica t ion  
cons t ra in t  of l32OF maximum heater  temperature f o r  
heat ing a s t e r i l a n t  gas  environment w a s  not violated,  

With the above changes, decontaminati.on Test Number 1 
proceeded without s ign i f icant  incident  t o  a conclusion 
on 21  November, Some i n i t i a l  adjustment of the humidity 
control  system w a s  required t o  maintain the desired 
range of r e l a t i v e  humidity (Alnor dew point) .  
h i s tory  of Cycle Number 1 i s  shown i n  Figure 27. 

A data  

Decontamination Cycle No, 2: This test  was s t a r t e d  on 
21 November, approximately 3 hours a f t e r  the  completion 
of Cycle Number 1, Due t o  a procedural oversight,  the  
heating water temperature was maintained at l32OF 
instead of 150°F; therefore ,  the  ascent t o  the  desired 
chamber temperature of 122OF required 2,3 hours, The 
balance of the  t e s t  w a s  completed without s i g n i f i c a n t  
incident ,  A s  noted i n  the data  display of Figure 28, 
the  chamber temperature rose slowly t o  a maximum tem- 
perature  of 130°F during the l a t t e r  par t  of t h e  test ,  
This temperature r i s e  was due t o  having s e t  the  cold 
water bleed flow at  too low a r a t e  j u s t  p r i o r  t o  the 
period of unattended chamber operation from T + 17 hours 
t o  T + 25 hours (night s h i f t ) ,  

S t e r i l a n t  gas consumption due t o  chamber leakage remained 
i n  the  range of 4 t o  5 pounds per hour. Automatic con- 
t r o l  of humidity was maintained throughout t h e  t e s t ,  
although the  control  set  point w a s  s l i g h t l y  higher than 
desired,  as may be seen from the r e l a t i v e  humidity 
history.  
t e s t ;  however, t h e  sample container capacity proved t o  
be inadequate f o r  e f fec t ive  purging of  the Orsat analyzer, 
A l a r g e r  container was acquired a f t e r  Cycle Number 2 had 
been completed, 

A chamber gas  sample w a s  taken during the  

R 8 € ~ ~  CORP 
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Figure 27 ET0 Cycle No. 1 Test History 
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Figure 28 - ET0 Cycle No, 2 Test  History 
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Decontamination Cycle No, 3 :  This test  was s t a r t e d  on 
27 November and completed on 28 November without incident.  
A sample of chamber gas  w a s  taken during the  t e s t ,  
sample assayed at only 18% by volume ethylene oxide (FTTO); 
however, inves t iga t ion  showed t h a t  the  sample temperature 
w a s  such t h a t  the vapor pressure of ET0 was very close t o  
t h e  22 ps i a  pressure of the  samTle, I n  order t o  obtain 
assurance t h a t  t h e  ET0 f r a c t i o n  was i n  the  vapor s t a t e ,  
it w a s  decided t o  heat  subsequent samples t o  120°F p r i o r  
t o  conducting the  Orsat analysis .  
Number 3 are shown i n  Figure 29. 

The 

The data  from Cycle 

Decontamination Cycle No. 4: 
29 November and completed without inc ident  on 30 November. 

This t e s t  w a s  s t a r t e d  on 

A chamber gas sample was taken and assayed at 26.5% ET0 
content by volume, compared t o  the  spec i f ica t ion  value 
of 27.3%. Data from t h i s  run are shown i n  Figure 30. 

Decontamination Cycle-No. 5: This t e s t  w a s  s t a r t e d  on 
4 December and completed without incident  on 5 December. 
A chamber gas sample w a s  taken and assayed at 26% ET0 
content by volume, compared t o  the spec i f ica t ion  va lue  
of 27.3%. Data from t h i s  t e s t  are shown on Figure 31. 

Decontamination Cycle No, 6: This f i n a l  t e s t  of the  
ET0 decontamination s e r i e s  w a s  s t a r t e d  on 6 December 
and completed without incident  on 7 December. 
from t h i s  t e s t  are shown i n  Figure 320 

Data 

Module S t e r i l i z a t i o n  Tests 

Upon completion of t he  decontamination t e s t  s e r i e s ,  the  
propulsion module was removed from the chamber t o  permit change- 
over of the chamber t o  the heat s t e r i l i z a t i o n  configuration. 
The module remained mounted i n  the  chamber l i d  and a l l  connec- 
t i o n s  from the  module t o  t h e  pressure transducers and sa fe ty  
packa-ges remained undisturbed. 

h . ior  t o  s t a r t i n g  the required series of s i x  heat  s t e r i l i z a -  
t i o n  t e s t s ,  the  pressure i n  the m-odule GN 
checked s ince the  pressure is not  monitored during decontamina- 
t i o n  o r  s t e r i l i z a t i o n  tes t ing .  
found t o  have decayed from the  o r i g i n a l  1550 ps ig  t o  1g20 ps ig  
over t h e  23-day decontamination t e s t  period. 
w a s  t raced  t o  i n t e r n a l  leakage through the  transducer i s o l a t i o n  

s torage tank w a s  2 

The pressure i n  the  GN tank w a s  

The GN2 leakage 

M A R T N N  M A R N E V T A  CORPORArNON 
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Figure 29 - ET0 Cycle No. 3 T e s t  History 
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Figure 30 - ETO. Cycle No. 4 Test  History 
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valve (test equipment) which had been i n s t a l l e d  t o  permit in- 
s t a l l a t i o n  of a pressure transducer f o r  the f i r i n g  t e s t  a f t e r  
the  decontamination and s t e r i l i z a t i o n  t e s t s .  It w a s  decided 
t h a t  the  module GN loading (solenoid) valve i n l e t  por t  would 
be a su i tab le  poi& t o  use f o r  pressure measurement during t h e  
f i r i n g  tes t ;  therefore ,  the  transducer i s o l a t i o n  valve and i ts  
connecting f l a r e d  tubing were removed from the module. 
module GN 
topped off t o  1550 ps ig  with helium as an a i d  i n  loca t ing  the 
source of any fu ture  leakage. 

The 
tank w a s  recharged t o  1500 ps ig  with EN2, then 2 

Four of the  required s i x  heat s t e r i l i z a t i o n  tes ts  on the  
propulsion module were dompleted i n  t h i s  report ing period. 
Histor ies  of t h e  chamber temperature and propellant tank 
pressures f o r  s t e r i l i z a t i o n  Cycles 1 through 4 are shown i n  
Figure,s 33 through 36, f o r  the constant-temperature exposure 
period. 
with the exception of an automatic chamber shutdown during the 
l a t t e r  p a r t  of Cycle No. 2 which w a s  caused by a spurious 
s i g n a l  from t h e  chamber f u e l  vapor detector.  
resumed at T + 67.5 hours a f t e r  reheating t h e  chamber and per- 
mi t t ing  the  propellant vapor pressures t o  a t ta in  pre-shutdown 
values . 

All cycles  were completed without s i g n i f i c a n t  incident  

Cycle time w a s  

Pressure i n  the module GN tank w a s  checked at 1540 ps ig  2 
a f t e r  completion of s t e r i l i z a t i o n  Cycle No. 3 with the  tank 
at room temperature, thus  ind ica t ing  t h a t  the GN2 system was 
leak free.  
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Build-up of t h e  t es t  f i x t u r e s  and e l e c t r i c a l  con t ro l s  i n  the  
f i r i n g  t e s t  c e l l  has  been i n  progress, with the major port ion of 
t he  work having been completed at t h e  end of t he  quarter. 
l a t i o n  of t he  propulsion module i s  scheduled f o r  ea r ly  January, 
1968, immediately following completion of t he  remaining two 
hea t  s t e r i l i z a t i o n  cycles. 

Instal- 

During t h i s  report ing period, severa l  problems arose r e l a t i v e  
t o  the  operation of t he  ET0 decontamination chamber, p a r t i c u l a r l y  
i n  the  area of r e l a t i v e  humidity control. 
problems, and the  r e so lu t ion  of the  same, a r e  de t a i l ed  i n  the  
sec t ions  below. 

The nature  of these 

Decontamination Chamber Temperature Control 

A problem involving temperature cont ro l  of  the  chamber w a s  
encountered a t  t h e  beginning of the first decontamination t e s t .  
The problem evidenced i t s e l f  i n  a slow increase i n  chamber tem- 
perature  at a time when no heat ing water w a s  being admitted t o  
the  chamber. 
thought t o  be an exothermic reac t ion  of the  ET0 with t h e  water 
vapor, a reac t ion  between t h e  E20 and possible  undetected propel- 
l a n t  vapor leaking from the  module, the  heat 1oad.introduced with 
the  l32OF s t e r i l a n t  gas  make-up, o r  t h e  Joule heat ing by t h e  
chamber blower . 

The possible  causes of the  ghenomenon were i n i t i a l l y  

A systematic s e r i e s  of tes ts  were made t o  obtain an explana- 
t i o n  of the  uncontrolled temperature increase.  
nated i n  a t e s t  i n  which a l l  chamber condi t ions were representa- 
t i v e  of a decontamination t e s t ,  except the  blower was turned off  
f o r  an extended period. 
during t h i s  t e s t ,  indicat ing '  t h a t  t h e  d i s s ipa t ion  of t he  blower. 
energy was responsible for t h e  temperature increase.  

The series c u l m s  

The chamber temperature decayed slowly 

Although no r igorous ana lys i s  has been conducted at t h i s  time, 
t h e  explanation of t h i s  phenomenon i s  c red i t ed  t o  the  s ign i f i can t  
increase  i n  blower horsepower when c i r cu la t ing  the  r e l a t i v e l y  dense 
sterilant gas and the  r e l a t i v e l y  low hea t  capaci ty  of t h e  steri lant 
gas. 
gas  i n  the  chamber. 

The phenomenon w a s  not observed when operating with ni t rogen 

The above-described problem w a s  resolved by providing a contin- 
uous low flow rate of t a p  water (approximately 6 0 0 ~  temperature) 
i n t o  t h e  chamber heat  exchanger t o  extract heat  a t  a s l i g h t l y  
g rea t e r  rate than t h a t  added by t h e  blower i n  order t o  provide 

. pos i t i ve  cooling t o  t h e  extent  t h a t  t h e  hot water con t ro l  valve 
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would be required t o  open periodically.  This system has the 
adverse c h a r a c t e r i s t i c  of cooling a f r a c t i o n  of the chamber heat 
exchanger below the dew point causing cyc l ic  condensation and re- 
evaporation of water. 
observation of an abrupt increase i n  the outgut of the s e n s i t i v e  
electro-hygrometer c e l l  upon opening of the hot water admission 
valve; however, Alnor dew point readings taken during the occur- 
rences of t h i s  phenomenon proved that the  r e l a t i v e  humidity 
excursions d i d  not exceed the desired band width of 45% t o  55%. 

This cyc l ic  phenomenon w a s  detected by 

Future control  systems f o r  the water supply system t o  the heat 
exchanger should incorporate a mixing control  valve which would 
provide water temperatures a t  the  heat exchanger which would range 
between the maximum of l32OF (55°C) and a m i n i m u m  which is a safe  
margin above the dew point of the chamber gas. 

Chamber Humidity Control 

The humidity control  system i n i t i a l l y  was conceived as an 
e s s e n t i a l l y  open-loop system consis t ing of a super-heated steam 
generator and two visually-monitored humidity sensing systems. 
The prime measurement system f o r  humidity is an Alnor dew pointer  
which is i n s t a l l e d  next t o  the decontamination chamber i n  an 
enclosure which maintains the  Alnor instrument a t  a temperature 
approximately equal t o  t h a t  of the chamber t o  prevent condensation 
of the water vapor i n  the chamber gas. Since the Alnor instrument 
is not a continuous readout device and has no output s i k a a l  t o  use 
f o r  recording and control ,  a secondary humidity sensing system is 
i n s t a l l e d  i n  the chamber. The secondary system is an e l e c t r i c a l  
hygrometer manufactured by Hygrodynamics, Inc., and cons is t s  of a 
li thium chloride c e l l ,  the res i s tance  of which responds t o  tempera- 
ture and water vapor content and an e l e c t r i c a l  cont ro l  box which 
has an output which is used t o  dr ive a s t r i p c h a r t  recorder. 

The f e a s i b i l i t y  of u t i l i z i n g  the electro-hygrometer f o r  more 
f a c i l e  monitoring of r e l a t i v e  humidity was establ ished i n  Phase I1 
through the r e s u l t s  of p i l o t  t e s t s .  The test  r e s u l t s  showed that, 
although the output of the hygrometer c e l l  was af fec ted  by the 
presence of s t e r i l an t  gas, the output could be correlated with the 
t rue r e l a t i v e  humidity as determined with the  Alnor dew pointer,  
Furthermore, the t e s t  r e s u l t s  indicated that the e f f e c t  of s t e r i l a n t  
gas on the sensing c e l l  w a s  not cumulative, i.e., there  was no 
change with exposure time. It w a s ,  therefore,  concluded that the 
electrohygrometer could be used as a r e l a t i v e  measure of humidity 
conditions i n  the chamber a f t e r  es tab l i sh ing  the required conditions 
on the b a s i s  of Alnor dew point data. 

1 

i 

MART'IN MARIE-A CORPORAlfON 
D E N V E R  D I V I S I O N  



MCR-67-15 59 

D i f f i c u l t i e s  encountered during the attempts a t  the  first decon- 
tamination t e s t  demonstrated tha t ,  due t o  normal chamber leakage and 
possible hydrolysis  of the ethylene oxide, frequent water vapor in- 
j ec t ion  w a s  required. It became apparent that the open-loop system 
was feas ib l e  only i f  an  operator w a s  constant ly  monitoring the 
hygrometer output s ince  at tempts  a t  s teady-state  i n j ec t ion  of water 
vapor were unsuccessful. During these attempts,  however, s u f f i c i e n t  
co r re l a t ion  between the recorded output of t h e  electro-hygrometer 
and the  Alnor dew point  readings w a s  obtained t o  permit i n s t a l l a t i o n  
of a cont ro l  microswitch on the hygrometer output recorder,  The 
function of the microswitch was t o  open the  superheated steam in-  
j ec t ion  valve whenever the  hygrometer output dropped t o  mid-scale 
on the recorder and t o  reclose the valve as soon as the hygrometer 
output s i g n a l  responded with an  increase i n  s i g n a l  on the recorder,  
A metering valve w a s  i n s t a l l e d  i n  the steam in j ec t ion  l i n e  t o  con- 
t r o l  the  time constant of the system t o  prevent excessive excursions 
i n  r e l a t i v e  humidity. 

The automatic cont ro l  of r e l a t i v e  humidity which w a s  evolved 
i n  the  above manner was proven t o  be e n t i r e l y  s a t i s f a c t o r y  through 
t e s t s  two through six.  
matic; however, Alnor dew point  readings have been taken a t  1 hour 
t o  2 hour i n t e r v a l s  during the day and evening work sh i f t s .  Alnor 
checks made on t h e  mornings following unattended night  operation 
have ve r i f i ed  that the hygrometer recorder/control ler  has been 
e f f ec t ive  i n  maintaining the r e l a t i v e  humidity within spec i f i ca t ion  
l i m i t s  wi th  no operator a t ten t ion .  

Humidity cont ro l  i s  completely auto- 

The e x i s t i n g  electro-hygrometer system is being operated con- 
s iderably  off its design point due t o  the s i g n i f i c a n t  change i n  
the r e s i s t ance  of the c e l l  caused by the s t e r i l a n t  gas ( res i s tance  
on the order of 20,000 ohms, as opposed t o  the normal res i s tance  of 
approximately 2 megohms. This condition caused t h e  output of the 
system t o  be more sens i t i ve  than would be desired;  however, fu ture  
systems could be biased e l e c t r i c a l l y  t o  provide optimum operation 
with the  known, spec i f ied  chamber environment, A t  present t he  
recorded output of the electro-hygrometer is meaningful only as a 
r e l a t i v e  ind ica to r  of the constancy at which the chamber r e l a t i v e  
humidity is being maintained, and its primary function is t o  cont ro l  
the steam admission valve. 
electro-hygrometer output a l s o  responds t o  ethylene oxide concentra- 
t i on ;  however, fu tu re  inves t iga t ions  with an  optimized system w i l l  
be required t o  f u l l y  e s t a b l i s h  the  charac te r i s t ics .  

It is s t rongly  suspected that the  

' 1  
i 
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E. LONG TERM STORAGE TESTING 

During the  r epor t  period the  first s e t  of long term storage 
tanks were opened f o r  inspection. 

It has been observed t h a t  t i tanium exposed t o  N204 for  extended 
periods of time shows evidence of d i sco lora t ion  very s i m i l a r  t o  
heat  treat sca l e  i n  color ,  One t i tanium assembly, which consis ted 
of a welded 'Pi-6A1-4V tube approximately one inch diameter and 12" 
long with we 
w a s  inspected a f t e r  exposure t o  N 0 ( inh ib i t ed  with NO) a t  275OF 
for 600 hours with a continued d n t e r r u p t e d  exposure t o  the same 
N204 for 128 days a t  ambient temperature. 

specimen, The s p i r a l  shaped spc imen shown i n  Figure 37 is t e f l o n  
which w a s  a l s o  present i n  the t i tanium assembly during test ,  
38 and 39 show the face and the edge of s t r e s sed  specimen, respec- 
t i ve ly ,  a f t e r  exposure. 

d end caps, and a specimen s t r e s sed  t o  50,000 p s i  

Figure 37 shows the  sectioned tube assembly and the  s t r e s sed  

Figures 

Examination of the t i tanium assembly and s t r e s sed  specimen 
showed the following r e s u l t s :  

1, Discoloration was somewhat random on a l l  exposed sur faces  
of the t i tanium assembly and s t r e s sed  specimens with more 
apparent d i sco lora t ion  on and near welds. 

2. Examination of the t i tanium assembly and s t r e s sed  specimen 
showed no evidence of cracking i n  any discolored area, 

3 .  The material i n  the  discolored a r e a s  tenaciously adhered 
t o  the base metal. 

A discussion of these r e s u l t s  is as follows: 

1. The d isco lora t ion  of the t i tanium is believed t o  be the  
r e s u l t  of increased oxide thickness  on the surface of the 
titanium. The increased oxide is probably the  r e s u l t  of 
the  exposure t o  Z75"F where i t  would not be unreasonable 
t o  expect add i t iona l  oxidation of the t i tanium t o  occur. 
Although no attempt w a s  made t o  determine the increase i n  
oxide thickness,  it is believed t o  be in the order of 
angstroms. As expected, examination of polished cross- 
sec t ions  using l i g h t  microscopy techniques up t o  2000X 
revealed no discernable differences between oxide thicknesses 
on unexposed t i tanium and the most discolored a reas  of the  
exposed titanium, 

3 
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Fig. 37 Sectioned Titanium Assembly with Stressed Specimen of 
Titanium and Teflon Specimen 
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Fig, 38 Face of  Stressed Titanium Specfmen 

Fig, 39 Edge of Stressed T i t a n i u m  Specimen 
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2, 

3. 

4, 

The presence of the te f lon  i n  the titanium assembly was 
not believed t o  have influenced the formation of the 
discolored surfaces  on the t i tanium, 

The presence of the discolorat ion on the titanium has no 
detrimental  a f f e c t  on the propert ies  of the titanium, 

The presumed formation of t i t an ium oxide i n  increasing 
thicknesses from exposure t o  N 0 
tu re s  would log ica l ly  progress'at a decreasing r a t e  with 
an  increase i n  oxide thickness because of the protect ive 
nature of titanium oxide, 

a t  s t e r i l i z a t i o n  tempera- 

V i s u a l  examination of the te f lon  sample from the tube assembly 
gave no ind ica t ion  of degradation. 

The tube assembly containing MMH was a l s o  opened f o r  examina- 
The propellant w a s  water c lear  and the screen sample and t ion.  

tube wall gave no indicat ion of degradation. 
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APPEHDIX A 
it 

CALCULATION OF FLOW ANNULUS 

Height - 
2.553 1.200 

2,565 1.200 

2.568 1,200 

2.573 1,200 

2.571 1.200 

2.553 1,200 

2.571 1.200 

1. 358 8 2.558 1.200 

t Average 1.364 1,364ffAv. 
I -7- 

I 

Position 

7 

8,249 R I d = 8,1228 
I 

c 
I ! 

1,478" 
,029 

-1.364 
m 0  - ,1262 

,0168 

8 
6 4  
0 * 

Annulus 
2 2 . 8 7 5 r x  ,0168 = A A = .152 i n  

Actual Height 

1,353 
1 365 
1,368 
1.373 
1.371 
1 353 
1.371 

From 3urington Handbook - page 12 

f = 2 J Z T - Z  

8.2656 = 4(68.046 - d 2 ) 

8,2656 = 272,184 - 4d 2 

4d2 = 263.9184 

d2 = 65.9796 

d = 8,1228 

h = R - d  

h = 8.249 - 8.1228 

h = .1262'8 
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Annulus = .l52 i n  2 

Equivalent o r i f i c e  diameter d = ,/& = = pi55 
eo - 7854 

d = -4399 in.  
eo 

5.2739 = 54.86 AP 

AP = ,09613 psi 1 p s i  = 27.7 in. H20 

then ,09613 x 27.7 = 2,663 in. H20 (AP) 
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